nodes should meet the standard limits. Harmonic voltages can be decreased to admissible values on a centralized basis. The paper addresses the problem of centralized decrease of harmonic voltages in the high voltage networks with distributed nonlinear loads using third-order passive filters. Mathematical expressions to determine parameters of the third-order passive filter are given. The parameters of the selected filters for 220 kV network supplying traction substations with power and also the estimates of the efficiency of work of these filters for different network configurations are presented as an example. The efficiency of the C-type and third-order filters are compared.
Introduction
The problem of harmonic voltage normalization on a centralized basis is considered in [1] [2] [3] where the authors suggest applying first-order passive filters for centralized decrease of harmonic voltages in the 12-23 kV distribution networks with a large number of nonlinear loads of small capacity. These filters are widely used. Their parameters are easily calculated.
The present paper addresses the problem of centralized harmonic voltage decrease in the 220 kV network. This network supplies electricity to the traction loads from the 27.5 kV winding of 40 MVA three-phase three-winding transformers. The traction substations are located at a distance of 40-60 km from one another. Therefore nonlinear loads are numerous and distributed along hundreds of kilometers of 220 kV supply network. This problem has already been considered in [4] where the author shows the possibility to use C-type filters for centralized normalization of harmonic voltages in the network with distributed nonlinear load. This paper also considers the possibility to use a thirdorder filter for this purpose. The authors in [5] point out that the C-type filter is more sensitive to changes in frequency and variations in parameters of elements, than the third-order filter. It is also noted in [5] that both filters have a great advantage -low losses at the fundamental frequency. Calculation of the third-order filter parameters poses difficulty. In [6] expressions for calculation of the filter parameters are derived for the condition of equal capacitance of two capacitors used in the filters, i.e. C are studied. The possibility of using the third-order filter to normalize harmonic voltages on a centralized basis is shown and its comparison with the C-type filter is made.
Determination of filter parameters
The scheme of the third-order filter is given in Fig.1 . It is necessary to determine the parameters
X at the fundamental frequency. The value of R is assumed to be invariable with change in the frequency. Resistance of reactor is not taken into account. [7] . The value of 
According to conditions 1) and 2) imaginary part n Z at the n-th harmonic is equal to zero, real -to F R . After the transformations real and imaginary part n Z can be represented as a system of two equations 0 2 2
Having solved the system of equations, considering that
, we obtain the expressions for Ln
where
) 1 (
The value of m is unknown in the obtained expressions. In order to determine the admissible values of m we use the conditions that X and F R at the harmonic for which the filter is chosen. Thus, the parameters of the third-order filter on the basis of (2), (4)-(9) can be calculated by the expressions:
(13) Below the obtained expressions are used to choose the filters for the 220 kV network which supplies power to the traction load.
Example of filter selection

A. Characteristics of harmonic distortions in the considered network
The 220 kV network is 900 km long. It supplies power to 23 traction substations. A more detailed description of the network is given in [4] . The indices ) (n U K (the n-th harmonic factor) and U K (the total harmonic distortion)
were measured at seven nodes of the network. The measurement results are presented in Table 1. The same  Table shows normally admissible values of TABLE 1 S2  S3  S4  S5  S6  S7  S8  S9  S10  S11  S12  S13  S14  S15  S16  S17  S18  S19  S20  S21  S22 Generally, the filters are chosen first for the lowest harmonic. In the given case this is 3rd harmonic. For the next harmonics the filters are chosen on the basis of those previously chosen. Below the choice of the filter for 5th harmonic is presented as an example.
B. Choice of node for installation of filters
Normal operating conditions were assumed as calculated conditions to choose filters for the considered network. The measurements of ) (n U K and U K were carried out for these conditions. The first task when choosing filters is to identify the node for their installation. The choice of node intended for filter installation is made with the help of a "test filter" [4] . In Fig.3 the name of each cirve indicates the node for installation of the "test filter" and the curves show the impact of filter on the value of 
S1
S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17 S18 S19 S20 S21 S22 S23 Substation Ku(5) (%) without F S11 S12 S13 S14 S15 S16 S17 S18 S19 S20 
C. Determination of parameters of the harmonic filters
The filter parameters of 5th harmonic will be selected so that the values of were calculated by expression (1). Fig. 4 presents curves of the resistance F R , and also the power The curves in Fig. 5 show that for the harmonics below the 5th one the filter reactance is capacitive. For the harmonics above the 5th one for m ≤ 9.3 the filter reactance is also capacitive for some harmonics, which can create resonance circuits with the network. The input filter resistance of the harmonics below the 5th one is low. The filter parametrs of the 3rd and 7th harmonics were determined in a similar way. The filter parameters are presented in Table 3 . 
D. Efficiency estimation of the filters
The efficiency of filter operation was tested in 18 operating conditions of the supply main. The desired values of 
Comparative estimation of the efficiency of the third-order and C-type filters at centralized normalization of harmonic voltages
In [4] the centralized normalization of the voltages of harmonics 3, 5 and 7 for the considered network was performed by using the C-type filters. Fig. 9 presents the curves of 
Conclusions
1. The possibility of using the third-order filters for centralized normalization of harmonic voltages is shown. 2. The mathematical expressions for calculation of the third-order filter parameters are derived. 3. The third-order filters for harmonics 3, 5 and 7 for the 220 kV network are selected that decrease harmonic voltages in the network about 900 km long on a centralized basis. 4. Comparative estimation of the efficiency of decreasing voltages of harmonics 3, 5 and 7 is made by the thirdorder and C-type filters. It has been revealed that they reduce harmonic voltages virtually equally.
